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(57) Abstract 

A device (24) that communicatively couples a number of transmitters and receivers (18) to a number of antennas (28). The device 
includes transmit ports (TXI, TX2, TX3, TX4) each of which may be connected to a respective transmitter, receive ports (RAI, RA2, 
RA3, RA4) each of which may be connected to a respective receiver, and antenna ports (ANTl, ANT2, ANT3, ANT4) each of which may 
be connected to a respective antenna. One coupling unit (32, 34, 68) has inputs connected to each transmit port and outputs to respective 
antenna ports for combining individual transmit signals received at each transmit port to form a combined transmit signal, and outputs the 
combined transmit signal to each respective antenna port. A second coupling unit (52, 56, 68, 64, 66) has inputs connected to respective 
antenna ports and outputs to each receive port for combining individual receive signals from each respective antenna port to form a combined 
receive signal, and outputs the combined receive signal to the receive ports. 



FOR THE PURPOSES OF INFORMATION ONLY 



applicaSldeMie f^'' "'^ *^ ''^ P^6« °f P^PW«s publishing international 



AM 


Armenia 


AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Bclgiam 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BV 


Belarus 


CA 


Canada 


CF 


Central African 


CG 


Congo 


CH 


Switzerland 


CI 


Cdtc d'lvoirc 


CM 


Cameroon 


CN 


China 


OS 


Czechoslovakia 


02 


Czech Republic 


DE 


Germany 


DK 


Denmark 


EE 


Estonia 


ES 


Spain 


FI 


Finland 


FR 


France 


GA 


Gabon 



GB United Kingdom 

GE Georgia 

ON Guinea 

GR Greece 

HU Hungary 

IE Ireland 

IT Italy 

JP Japan 

KE Kenya 

KG Kyrgysian 

KP Democratic People's Republic 
of Korea 

KR Republic of Korea 

KZ Kazakhstan 

l-I Liechtenstein 

LK Sri Lanka 

LR Liberia 

LT Lithuania 

LU Luxembourg 

LV Latvia 

MC Monaco 

MD Republic of Moldova 

MG Madagascar 

ML Mali 

MN Mongolia 

MR Mauritania 



MW Malawi 

MX Mexico 

NE Niger 

NL Netherlands 

NO Norway 

NZ New Zealand 

PL Poland 

PT Portugal 

RO Romania 

Rtf Russian Federation 

SD Sudan 

SE Sweden 

SG Singapore 

51 Slovenia 
SK Slovakia 
SN Senegal 

52 Swaziland 
TO Chad 

TG Togo 

TJ Tajikistan 

TT Trinidad and Tobago 

UA Ukraine 

UG Uganda 

US United States of America 

UZ Uzbekistan 

VN Viet Nam 



wo 96/370 10 PCT/CA95/00669 

1 

CELLULAR COMMUNICATION SYSTEM HAVING DEVICE COUPLING 
DISTRIBUTION OF ANTENNAS TO PLURALITY OF TRANSCEIVERS 
Background Of The Invention 

The present invention generally relates to wireless 
5 communications and, in particular, to a cellular 

communication system utilizing a distribution of antennas to 
transmit low power radio frequency signals. The cellular 
system includes a device for coupling multiple transceiver 
radios (i.e., transmitters and receivers) to the distributed 
10 antennas, whereby each radio is communicatively connected to 
all antennas. 

A conventional cellular communication system providing 
service to a large geographic region is typically 
implemented by partitioning the region into smaller 

15 serviceable areas, which form a cluster of contiguous cells 
generally referred to as a macrocellular network, A 
macrocellular system is deployed in each cell to support 
cellular service in its particular area, and all cells are 
communicatively linked together through a conventional 

20 mobile telephone switching network. The mobile telephone 
switching network also links the cellular system to the 
public switched telephone network, thereby providing users 
of mobile telephone units with access to land telephone 
lines and vice versa. 

25 The basic macrocellular system coirprises a base station 

having multiple transceiver radios, usually ranging between 
20 and 100 in number, with different transmission channels 
(i.e., each radio operating at a unique transmit carrier 
frequency and a unique receive carrier frequency) and a 

30 combiner unit connecting the multiple radios to a common 

antenna. Each transceiver radio is capable of accepting an 
input signal, for example a voice signal, from the mobile 
telephone switching network and modulates the input signal 
up to its unique transmit carrier frequency. The combiner 

35 unit combines the individual transmit channel signals 
received from all transceiver radios and provides this 
combined signal to an amplifying unit which subsequently 
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broadcasts the signal over a single antenna. Generally, the 
power transmitted at the antenna of a macrocellular system 
ranges between 3 0 and 70 watts. 

In each macrocell system, the broadcast signal is 
5 necessarily a high power radio frequency (RF) signal which 
may propagate a large distance in order to provide coverage 
spanning the entire geographic area within the periphery of 
the cell. The propagation, however, is intended to be 
limited substantially to the boundary of that particular 
10 cell so that interference with RF signals of neighboring 
cells will not occur. In order to mitigate interference 
problems, each cell operates with a different assigned set 
of transmission channel frequencies and, moreover, the sets 
of assigned frequencies would be different for adjacent 
15 cells and not repeated except for cells that are far enough 
away from each other. 

These conventional macrocellular systems are primarily 
utilized in outdoor settings where high power RF signals may 
easily propagate generally unobstructed by the environment, 
20 for instance in metropolitan areas which tend to have a 
large user demand to warrant the relatively high cost of 
such base station and antenna structures. There are, 
however, many "cold spot" areas where cellular service is 
desired but the demand is not sufficient to warrant such 
25 high expenditures or these areas may not be serviceable by 
conventional macrocellular systems. Cold spots, for 
example, include outdoor "holes" between macrocell serviced 
areas; underground pedestrian areas such as subways and 
downtown shopping corridors; and above ground in-building 
30 complexes such as office buildings, warehouses and 
convention centers. Also, there are "hot spots" in 
macrocell coverage areas where the capacity of the 
macrocellular system is not sufficient to support subscriber 
demand . 

35 Therefore, there is an apparent need for a system that 

overcomes the above deficiencies of conventional 
macrocellular systems . 
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Summary Of The Invention 

It is an object of the present invention to provide a 
new and improved wireless, namely cellular cornmunication 
system. 

5 According to a first broad aspect of the invention, 

there is provided a device for communicatively coupling a 
plurality of transmitters and receivers to a plurality of 
antennas, conprising: a plurality of transmit ports adapted 
to be connected to respective transmitters; a plurality of 
10 receive ports adapted to be connected to respective 

receivers; a plurality of antenna ports adapted to be 
connected to respective antennas; first coupling means 
having inputs connected to respective transmit ports and 
outputs connected to respective antenna ports, for combining 
15 individual transmit signals received at the transmit ports 
to form a combined transmit signal and outputting the 
combined transmit signal to each respective antenna port; 
and second coupling means having inputs connected to 
respective antenna ports and outputs connected to respective 
20 receive ports, for combining individual receive signals 
received at the antenna ports to form a combined receive 
signal and outputting the combined receive signal to the 
receive ports- 

According to a second broad aspect of the invention, 
2 5 there is provided a cellular communication system 

comprising: a plurality of transmitters and receivers; a 
distribution of antennas, each antenna defining a zone of 
coverage within which it transmits and receives signals; a 
plurality of duplexers each having an antenna terminal 
30 connected to a respective antenna of the distribution, and 
each having a transmit terminal and a receive terminal; 
first coupling means having inputs connected to respective 
transmitters and outputs connected to respective transmit 
terminals of the duplexers, -for combining individual 
35 transmit signals generated by each transmitter to form a 

combined transmit signal and providing the combined transmit 
signal to each duplexer; and second coupling means having 
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inputs connected to respective receive terminals of the 
duplexers and outputs connected to respective receivers, for 
combining individual receive signals passed from the 
duplexers to form a combined receive signal and providing 
the combined receive signal to the receivers. 

According to a third broad aspect, the invention 
provides a cellular communication system comprising: a base 
station including: a plurality of antenna ports, a plurality 
of transmitters and receivers, a plurality of duplexers each 
having an antenna terminal connected to a respective antenna 
port, and each having a transmit terminal and a receive 
terminal, first coupling means having inputs connected to 
respective transmitters and outputs connected to respective 
transmit terminals of the duplexers, for combining 
15 individual transmit signals generated by each transmitter to 
form a combined transmit signal and providing the combined 
transmit signal to each duplexer, and second coupling means 
having inputs connected to respective receive terminals of 
the duplexers and outputs connected to respective receivers, 
20 for combining individual receive signals passed from the 
duplexers to form a combined receive signal and providing 
the combined receive signal to the receivers; and a 
distribution of antennas, each antenna being connected to a 
respective antenna port of the base station and each 
25 defining a zone of coverage within which it transmits and 
receives signals . 

The cellular system, hereinafter, will be referred to 
as a "microcell" or "microcellular " system. The 
microcellular system, in accordance with the present 
30 invention, utilizes a distribution of antennas and low power 
RF energy to provide cost effective cellular coverage in a 
relatively large area, and may be readily adapted to 
environments which are not suitable for or serviceable by 
conventional macrocellular systems. The system incorporates 
35 a device having a lower power attenuation characteristic to 
facilitate a "multicast" distribution of signals, whereby 
each transmitter and each receiver is communicatively 
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connected to all antennas. The microcellular system, for 
instance, may be used as an adjunct to the conventional 
macrocellular system to provide capacity enhancement for 
"hot spot" high use areas and fill-in coverage for in- 
5 building areas that are "cold spots" from a macrocellular 
coverage point of view. It may be provisioned as indoor 
customer premise equipment to inter work with a con^any's 
communication system for supporting cellular service 
capabilities inside buildings and may also provide low power 

10 coverage outdoors of the buildings through the use of 

outdoor antennas. Furthermore, the microcellular system may 
be utilized in tunnels as a means of bridging macrocell 
coverage outside the tunnel, and also it may be deployed 
along rural highways to provide inexpensive cellular 

15 coverage where cellular traffic is generally sparse. 
Brief Description Of The Drawn nrrc; 

The invention will be better understood from the 
following description of an embodiment of a microcellular 
communication system together with reference to the 
20 accompanying drawings, in which: 

Figure 1 is a schematic diagram of an embodiment of a 
microcellular system, in accordance with the invention; 

Figure 2 is a schematic diagram of a coupling unit; 

Figure 3 exemplifies a distribution of antennas; 
25 Figure 4 illustrates a macrocell coverage having an 

office building within which hot and cold spots exist; and 

Figures 5a, 5b and 5c illustrate alternative 
embodiments of the microcellular system. 
Detailed Description 

30 Referring to Figure 1, illustrated is an embodiment of 

a microcellular communication system which is generally 
identified by reference 10. The microcellular system 10 
comprises a base station 12 communicatively connected to a 
distribution 14 of antennas. Links 16 may carry voice 

35 and/or data encoded signals between the base station 12 and 
interfacing communications equipment (not shown) such as a 
conventional mobile telephone switching network. RF signals 
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10 



15 



broadcast at the antenna distribution 14 generated by the ' 
base station 12 may be in accordance with cellular air 
interface standards to support conventional mobile telephone 
unxts (not shown) . 

The base station 12 includes a plurality of transceiver 
radxos 18 each of which has a transmit path connection 20 
and receive path connections 22a and 22b to a coupling unit 
24. The coupling unit 24 is connected by cables 26 to each 
antenna 28 of the distribution 14. ilarough the coupling 
unit 24, all radios 18 have a transmit path to and receive 
path from all antennas 28, such that each antenna 28 will 
transmit signals from all radios 18 and each radio 18 
receives signals from all antennas 28. Not shown in Figure 
1 for sirrplicity and understood to be present are 
conventional power supplies for all transceiver radios 18 

The transceiver radios 18 are conventional devices each 
comprising an integrated transmitter and receiver having 
functionality that is well known in the art The 
transmitter and receiver of each radio 18 generally operate 
at unique frequency channels within the RF energy spectrum 
A particular transmitter, for example, may receive a voice 
signal on link 16, subsequently modulates the voice signal 
up to a unique transmit frequency channel and provides the 
resultant RF signal on transmit path connection 20 to a 
25 corresponding transmit port of the coupling unit 24 The 

^fe^^Hc^Ldivers^ has twojreceive inputs, each 

^^S^fP^g^si.gaal_f^omJ^^ receive port of the 

,£gHP^i£g^nii,-.24-^^ ^^^^^^^—--^^ ^^ 

a2d_22b. Each recei^^i^-TT^^n^iTto a specific freqi:;;;;^ 
channel at which the stronger of the two input receive 
signals is selected and the recovered signal may be output 
on link 16. Diversity receivers are well known in the art 
and the advantageous use of such in the microcellular system 
10 will become more apparent from the following description 

The transceiver radios 18 preferably have a transmitter 
capable of generating output power in the order of 0 5 
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watts. However, although diversity receivers are preferred 
they may be replaced with typical one channel receivers. 
Furthermore, it should be understood that transceiver radios 
18 may be readily substituted with separate transinitter 
5 radios and receiver radios and, therefore, reference to 
transceiver radios 18 is intended to cover both 
configurations . 

Turning to Figure 2, shown is a coupling unit 24 
configured to support up to four transceiver radios and an 
10 antenna distribution having up to four antennas. The 

coupling unit 24 includes two transmit ports, labeled TXl 
and TX2, each respectively connected to an isolator 32 in 
series with a filter 34 connected to respective inputs of a 
first 2x2 hybrid power coupler 36. Two further transmit 
15 ports TX3 and TX4 are each connected to a respective 
isolator 32 in series with a filter 34 connected to 
respective inputs of a second hybrid coupler 38, The hybrid 
couplers 3 6 and 38 are connected to two further hybrid power 
couplers 40 and 42 in the form of a matrix 68, wherein the 
20 four outputs of the first pair of couplers 3 6 and 38 are fed 
with appropriate cross connections to the second pair of 
hybrid couplers 40 and 42. The four outputs of the second 
pair of couplers 40 and 42 are each connected to a 
respective transmit terminal 44a, 46a, 48a and 50a of 
25 duplexers 44, 46, 48 and 50 which in turn have antenna 
teirminals 44c, 46c, 48c and 50c connected to respective 
antenna ports, labeled ANTl, ANT2, ANT3 and ANT4, of the 
coupling unit 24. 

The receive terminals 44b and 46b of the duplexers 44 
30 and 4 6 are each connected to an input of 2x2 hybrid power 
coupler 52, and receive terminals 48b and 50b of the 
duplexers 48 and 50 are each connected to an input of hybrid 
coupler 54. The two outputs of coupler 52 are connected to 
respective one-to-two splitters, such as Wilkinson power 
35 splitters, labeled 56 and 58, and the outputs of coupler 54 
are connected to respective Wilkinson power splitter 60 and 
62.. The four outputs of the splitters 56 and 58 are 
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connected to four- f i" i t-c-,-c. ■ 

o rour filters 64 m series with four 

corresponding isolators 66 which are eaoh 

resnp>nh-i,r^ • wni cn are each connected to a 

respective receive port RAl pa? dao ^ 

- ' and RA4 of hh«= 

coupling unit 24 The fonr- ^ ^ . or the 

".th corresponding isolators 66 which .rl Z J 

a respective receive port ^i, KB3 L InrL/"""^"" 

™; r:o\:Lr3vr:^?Lttr?r 

n . t'^^v-Lue isolation between the c!^r»;=»r-^*-^ 

0 ^ =isnals in addition to isolation given Z Z 

">atr.x 68 fonned by hybrid couplers 36 38 4. Z, 

. prod.ce a ^oo: :ot^:e\\t~'.i" ~,--3r 

= are also optional devices and be u.Z' toTJ 

transmit signal harmonics or sp^riousXlls Z^t 

:oT:^r:rtet:tLrt; ^t-- 

any type ..i.abll^" ^he^rtlt^l" ^ ^ 

The matrix 68 of hybrid couplers 36, 38 40 and 4P 

ettectmg a transmit path from a transceiver r-«H • 
to any of transmit ports TXl TX2 

^ ^ v^J^L^ lAi, TX2, TX3 or TX4 to all 

antennas „hich are connected to ports ANTl Ir. . 

ANT4 HvHr-nr^ ^ ^^'•Lj., AjMT^, AMT3 and 

Hybrid power couplers are readily available 

balance, a good voltage standing wave form and • 
(power) loss which is typically in tL 1 insertion 
. . , , ypicaiiy in the order of 3.5 dB 

provide t ' '"^"^ - halved to 

provide two output signals and a practical loss of 

approx^tely 0.5 dB resulting ,ro. resistance in device, 
Tnl « ^''at the .icrocellular system rs ' 

intended to operate at low power levels and because^ the 
low insertion loss achieved by coupling unit 24 n Is 
applications the trans.it signals generated by i^T 
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transceiver radios may be propagated directly to the antenna 
distribution without further anplif ication . Consequently 
the system could be inplemented using low cost equipment . 
The duplexers 44, 46, 48 and 50 are devices that 
5 comprise separate transmit and receive filters which are 

coupled in a manner that provides the ability to duplex both 
transmit and receive signals on a single antenna port. In 
the transmit direction, the duplexers attenuate the out-of- 
band spurious signals present in the output signals of 
10 hybrid couples 4 0 and 42 together with receive signals at 

antenna ports and provides the resultant transmit signal to 
the corresponding antenna port ANTl, ANT2, ANTS and ANT4 . 
In the receive direction, out -of -band spurious and radio 
transmit signals are attenuated and the resultant receive 
15 signal is passed to the receive port 44b, 46b, 48b and 50 of 
the particular duplexer. 

Receive signals from duplexers 44 and 46 are provided 
to hybrid coupler 52 which in effect combines the two 
receive signals from antenna ports ANTl and ANT2 and outputs 
20 the combined signal to splitters 56 and 58 which effectively 
provide four copies of the same signal, through filters 64 
and isolators 66, to receive ports RAl, RA2, RA3 and RA4 . 
Thus, signals from antennas connect to ports ANTl and ANT2 
are provided one input channel of the diversity transceiver 
25 radios. In a similar fashion, receive signals applied at 
antenna ports ANT3 and ANT4 are combined and subsequently 
outputted at receive ports RBI, RB2 , RB3 and RB4 to the 
second channel of the diversity receiver. Filters 64 are 
optional and preferably utilized to attenuate out-of-band 
30 interferers in the received signal. Isolators 66 are also 
optional devices and are preferably included to provide 
additional receive port -to-port isolation. 

The coupling unit 24 consists of passive components and 
preferably utilizes ceramic duplexers and printed circuit 
35 board mount components to minimize size and cost, as well as 
improving manuf acturability . Also, the coupling unit 24 is 
preferably enclosed in a shielded housing to provide EMI /EMC 
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protection. The transmit ports, receive ports and antenna ' 
ports may be any type of RF coaxial connectors commercially 
available. The coupling unit 24 is capable of supporting a 
forward (transmit) frequency band ranging from 869 to 894 
MHz, and has an insertion loss of approximately 11 dB 
between the transmit ports TXl, TX2, TX3, TX4 and antenna 
ports ANTl, ANT2, ANT3, ANT4 . The designed nominal power 
level of transmit signals at the antenna ports is preferably 
in the order of 17 dBm +/- 3 dB (i.e., ranging between 25 
and 100 milliwatts with a preferred power of about 50 
milliwatts) and, therefore, transceiver radios capable of 
producing transmit signals of approximately 27 dBm are 
preferred. The coupling unit 24 supports a receive band of 
frequencies between 824 and 849 MHz, and has a nominal 
insertion loss of approximately 9 dB between the antenna 
ports and receive ports. The designed receive signal level 
at receive ports RAl, RA2, RA3, RA4, RBI, RB2 , RB3, RB4 from 
the antenna distribution is between -30 dBm maximum and -100 
dBm minimum. 

The coupling unit 24 illustrated in Figure 2 is 
configured to support from one to four transceiver radios 
and from one to four antennas. This particular 
configuration, however, is for illustrative purposes and it 
should be obvious that the matrix 24 may be easily modified 
to support more radios and/or more antennas. The structure 
of the coupling unit 24 in its receive path is intended to 
interface with diversity receivers. Otherwise, the 
combination of hybrid couplers 52, 54 and splitters 56, 58, 
60, 62 may be replaced with a matrix arrangement similar to 
the matrix 68 of hybrid couplers. Moreover, although the 
use of duplexers is preferred to reduce the number of 
antenna ports and thus corresponding antennas, it is also 
possible to use a separate set of antennas and ports to 
transmit signals and a separate set to receive signals. 

Referring back to Figure 1, the microcellular system 
10, in accordance with the present invention, utilizes a 
distribution of antennas 14 to provide low power coverage 
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over a large area. The power transmitted at each antenna 2 8 
preferably ranges between 50 and 100 milliwatts. The 
antennas 2 8 are conventional equipment and various types may 
be used to provide a range of coverage options including 
5 omni -directional and various directional patterns, an may be 
wide-band antennas that are functional between 824 and 894 
MH2-. In the embodiment of the base station 12 shown, each 
antenna 28 is connected by a cable 26 to an antenna port of 
the base station 12 and internally thereof to one of the 

10 four antenna ports ANTl, ANT2, ANT3 or ANT4 of the coupling 
unit 24. The cables 26 may be coaxial cables having a 
diameter between 0.250 and 0.500 inches, where the larger 
diameter cables generally produce less attenuation. Such 
coaxial cables provide good performance at a reasonable 

15 cost, but in certain applications wherein better performance 
is required larger diameter coaxial or other types of cable, 
such as fiber optic, may be substituted. Any unused antenna 
ports may be connected to properly matching terminators, 
namely 50 ohm terminations. 

20 Figure 3 exemplifies an arrangement for the antenna 

distribution 14 defining the microcell coverage area 70, 
The distribution 14 consists of four antennas 72a, 74a, 76a 
and 78a whereby the microcell coverage area 70 is 
partitioned into four contiguous zones 72, 74, 76 and 78, 

25 each antenna providing coverage to a corresponding zone. As 
discussed above, transmit signals originating from the 
transceiver radios of the microcellular base station are 
broadcast over all four antennas 72a, 74a, 76a and 78a 
thereby providing coverage that spans the entire area 7 0 of 

30 the microcell. Furthermore, for diversity receivers, the 

coupling unit combines receive signals from a first pair of 
antennas, for example antennas 72a and 76a in respective 
zones one and three, and provides this combined signal to 
one of the receive inputs of the transceiver radios. 

35 Signals from the second pair of antennas 74a and 78a in 
respective zones two and four are also combined by the 
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coupling unit 24 which provides this combined signal to the' 
second receive input of the transceiver radios. 

As all transceiver radios have transmit paths to and 
receive paths from all antennas, in accordance with the 
invention, the use of diversity radios is advantageous in 
respect of an improved signal to noise ratio over one branch 
receivers. Without diversity, each radio will see the 
combination of four antenna receive signals each including 
the signal originating from a portable telephone unit plus 
noise. For instance, if the portable telephone unit was in 
operation in zone one 72, all antennas 72a, 74a, 76a and 78a 
likely will receive any signal originating from it but the 
signal received by antenna 72a would have a dominant power 
level, whereas the signals received by the three other 
antennas 74a, 76a and 78a in zones two, three and four, 
respectively, will be weak and primarily contribute unwanted 
noise. With diversity capabilities, the radios would 
select the strongest receive signal, in the above example 
the combined signal from antennas 72a and 76a, and ignore 
the mostly noise signal from antennas 74a and 78a. It is 
advantageous to ensure an appropriate antenna connection 
whereby the full benefit of this diversity capability is 
achieved. The primary consideration is that signals from 
alternate antennas (i.e., zones) be combined for provision 
to each of the receive inputs of the diversity radios. 

The following describes how the microcellular system 
may be adapted to an in-building environment that is 
enveloped by a macrocellular system, to provide hot and cold 
spot coverage. Referring to Figure 4, broken line 80 
delineates the coverage area of a typical macrocell in a 
metropolitan setting being serviced by a public 
macrocellular system. Public means that all cellular 
subscribers utilizing mobile telephone units may access the 
service via standard control channels. Cold spots are areas 
where the macrocellular system cannot provide adequate 
coverage. For example, macrocell signals may be of 
sufficient strength to propagate through the exterior walls 
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of an office building 82 to provide service at various 
floors 84 but may not be able to reach the bottom floor 86 
of the building 82. The microcellular system may be used to 
service cold spots, like bottom floor 86. Floors 84 may be 
5 hot spots where the capacity of the macrocellular system may 
not be sufficient for the amount of cellular traffic (i.e., 
areas having a large niomber of mobile telephone users) • The 
microcellular system may be used in these areas to offload 
the macrocell service thereby increasing the capacity of the 
10 area and also ensure good reception. The microcellular 
system is designed to operate at lower power levels in 
relation to the enveloping macrocellular service and 
therefore it may reuse the frequencies from the adjacent 
macrocells or it may use specific frequency channels 
15 dedicated to the microcell. 

Both colds spots and hot spots typically exist within 
the same office building and, for optimum performance, the 
deployment of the RF subsystem of the microcellular system 
should be determined for each building individually. The RF 
20 subsystem consists of the cables, the distribution of 

antennas and all other RF components necessary to effect a 
link between the microcell base station and the portable 
telephone unit. 

For cold spot coverage applications, the signals from 
25 the microcells need to fill the areas that are not covered 
by the macrocells to provide a seamless service across the 
boundary between the two systems for cellular users. The 
major sources of interference in cold spots are thermal and 
man-made noise. The interference level to which the 
30 microcells are preferably designed is -100 dBm. This level 
applies to both frequency reuse systems and dedicated 
channel systems. In the boundary areas where a portable 
telephone unit can receive signals from both the microcell 
and the inacrocell system, the portable would access the 
35 system having the stronger signal. 

In hot spot applications, the microcells are underlaid 
in the high traffic areas of a macrocell system to off load 
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the macrocell system. m this case, standard Control 
CHannel (CCH) signals from the microcell must be higher than 
the CCH signals of the macrocell to ensure that the portable 
telephone unit will lock onto the microcell CCH signals 
rather than those of the macrocell system, in addition, if 
the microcells are reusing the adjacent macrocell 
frequencies, the microcell control and traffic channel 
signals must overcome co-channel interference. To meet both 
criteria, the minimum CCH signals of the microcells are 
designed to overcome the highest of the two interferences. 
For exairple, if the CCH signal of the macrocell is at -70 
dBm and the co-channel interference is -80 dBm, the minimum 
CCH signal that the microcell system should be designed to 
is higher than -70 dBm. For dedicated channel systems, only 
the macrocell CCH signals have to be taken into account. 
The range of interference that the microcells are preferably 
designed to accommodate for hot spot applications is from 
-68 dBm to -100 dBm. For areas that the maximum 
interference is greater than -68 dBm, the effective coverage 
area of the microcell is reduced. 

The embodiment of the microcellular system 10 
illustrated in Figure 1 includes up to four transceiver 
radios 18 and up to four antennas 28 in the distribution 14. 
As discussed above, its capacity may be expanded by 
modifying the arrangement of the coupling unit to support 
more radios 18 and/or antennas 28. Once the microcellular 
system 10 has been designed to comprise a specific number of 
transceiver radios 18 and antennas 28 which is essentially 
based on an anticipation, in general, of capacity 
requirements of potential customers, thereafter the system 
10 is ideally produced on a relatively large scale thereby 
minimizing costs associated with manufacturing. Therefore, 
although redesigning the microcellular system 10 to conform 
with the specific needs of a customer may be done easily in 
terms of engineering the modified system, such would be 
costly form a manufacturing point of view. 



wo 96/37010 



PCT/CA95/00669 



15 

Alternatively, the microcellular system 10 is capable 
of the following system expansions through the use of 
further combiner and splitter devices which are provided 
externally to the base station 12 and have a rather small 
5 impact on transmit power of approximately 3.5 dB. 

: With regard to a coverage area wherein the number of 
anticipated mobile telephone users exceeds the capabilities 
of a single microcellular system 10, which capabilities 
specifically are a function of the number of transceiver 

10 radios 18 included within the system, another microcellular 
system may be overlaid in the same area thereby effectively 
doubling the caller capacity in the coverage area. This 
configuration utilizes two separate base stations 
respectively connected to two separate antenna 

15 distributions. However, it is preferable to have both base 
stations communicate with a single antenna distribution to 
reduce equipment costs. In Figure 5a, two- to-one combiner 
devices 92 (i.e., hybrid power couplers) are used to combine 
the antennas ports of two separate base stations 12a and 

20 12b. An antenna port of station 12a and an antenna port of 
station 12b are connected by cables 26' and 26", 
respectively, to the two inputs of the combiner 92 and its 
single output is connected by cable 26"' to a respective 
antenna in the four antenna distribution 14. The Figure 5a 

25 variant provides eight transceiver radios thereby increasing 
traffic capacity, but the effective coverage area may 
decrease due to the loss in combiner devices 92 . This 
configuration is beneficial in large open areas like halls 
or convention centers, 

3 0 With respect to coverage areas, such as long and narrow 

corridors in an office building, that typically are high 
loss environments or where lower power signal transmissions 
are required to reduce health hazards, the arrangement shown 
in Figure 5b may be advantageous . The variant in Figure 5b 

3 5 represents an expansion to eight antennas, wherein each of 
the four antenna ports of the base station 12 is connected 
by a cable 26' to a respective input of a one-to-two 
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splitter 90. The two outputs of each splitter 90 are 
connected through separate cables 26" and 26"' to respective 
antennas 28 in the distribution 14 which now contains eight 
antennas 28 in total. The splitter 90 attenuates the input 
transmit signal by approximately 3.5 dm to produce the two 
output signals and therefore the power transmitted at each 
antenna 28 is essentially halved in relation to the four 
antenna system. However, in terms of total coverage area 
the configuration in Figure 5b is at least the same as the 
prior system because the number of antennas is double and it 
offers more flexibility with regard to shaping the coverage 
area. Moreover, the coverage area may effectively increase 
because positioning of the antennas 28 may now be adapted to 
better suite the servicing environment resulting in a more 
15 efficient system. 

The variant in Figure 5c utilizes 2x2 combiner 94 
(i.e., hybrid power coupler) to couple two base stations 12a 
and 12b to a distribution 14 of eight antennas 28, whereby 
both capacity and flexibility in shaping coverage area are 
20 increased. An antenna port of station 12a and an antenna 
port of station 12b are connected by cables 26' and 26", 
respectively, to the two inputs of the combiner 94. The two 
outputs of combiner 94 are connected by cable 26"' and 26"" 
to respective antennas in the eight antenna distribution 14. 

Those skilled in the art will recognize that various 
modifications and changes could be made to the invention 
without departing from the spirit and scope thereof. It 
should therefore be understood that the claims are not to be 
considered as being limited to the precise embodiments of 
the microcellular system set forth above, in the absence of 
specific limitations directed to each embodiment. 
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We claim: 

1. A device (24) for communicatively coupling a 
plurality of transmitters and receivers (18) to a plurality 
5 :Of antennas, comprising: 

a plurality of transmit ports (TXl, TX2, TX3, TX4) 
adapted to be connected to respective transmitters; 

a plurality of receive ports (RAl, RA2, RA3, RA4) 
adapted to be connected to respective receivers; 
10 a plurality of antenna ports (ANTl, ANT2, ANT3, ANT4) 

adapted to be connected to respective antennas; 

first coupling means (32, 34, 68) having inputs 
connected to respective transmit ports and outputs connected 
to respective antenna ports, for combining individual 
15 transmit signals received at the transmit ports to form a 

combined transmit signal and output ting the combined transmit 
signal to each respective antenna port; and 

second coupling means (52, 56, 58, 64, 66) having 
inputs connected to respective antenna ports and outputs 
20 connected to respective receive ports, for combining 

individual receive signals received at the antenna ports to 
form a combined receive signal and output ting the combined 
receive signal to the receive ports, 

25 2. A device as claimed in claim 1, wherein the 

antenna ports to which the outputs of said first coupling 
means are connected are distinct from the antenna ports to 
which the inputs of said second coupling means are connected. 

30 3. A device as claimed in claim 1, comprising a 

plurality of duplexers (44, 46, 48, 50) each of which has a 
transmit terminal (44a, 46a, 48a, 50a) connected to a 
respective output of said first coupling means, a receive 
terminal (44b, 46b, 48b, 50b) connected to a respective input 

35 of said second coupling means and an antenna terminal (44c, 
46c, 48c, 50c) connected to a respective antenna port. 



"^^^^'^-^^lO PCT/CA55/00669" 

18 

whereby both transmit signals and receive signals pass 
through the same antenna port . 

4. A device as claimed in claim 3, wherein said first 
5 and second coupling means include hybrid power coupler means. 

5. A device as claimed in claim 4, wherein said first 
coupling means is formed from a matrix (68) of 2x2 hybrid 
power couplers (36, 38, 40, 42) . 
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6. A device as claimed in claim 5, comprising an 
isolator (32, 66) and filter (34, 64) connected in series 
between each transmit port and input of said first coupling 
means and between each receive port and output of said second 

15 coupling means. 

7. A device as claimed in claim 6, coirprising 
terminators at any unused transmit, receive or antenna ports. 

8. A device as claimed in claim 1, wherein said 
receivers (18) to which said device is adapted for connection 
are diversity receivers having first and second inputs (RA, 
RB) , 

said plurality of receive ports including a first set 
of ports (RAl, RA2, RA3 , RA4) and a second set of ports (RBI, 
RB2, RB3, RB4) for connection to the first and second inputs, 
respectively, of the diversity receivers, and 

said second coupling means includes first hybrid 
coupler means (52, 56, 58) for combining individual receive 
signals from some of said plurality of antenna ports (ANT3, 
ANT4) to form a first combined receive signal and second 
hybrid coupler means (54, 60, 62) for combining individual 
receive signals from others of said plurality of antenna 
ports (ANTl, ANT2) to form a second combined receive signal, 
35 said first combined receive signal being provided to each 
receive port of the first set and said second output being 
provided to each receive port of the second set. 
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receive port of the first set and said second output being 
provided to each receive port of the second set . 

9. A device as claimed in claim 8, wherein said first 
5 and; said second hybrid coupler means are formed from 2x2 
hybrid power couplers (52, 54) having outputs connected to 
one-to-two splitters (56, 58, 60, 62) . 
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10. A cellular communication system comprising: 
a plurality of transmitters and receivers (18); 
a distribution (14) of antennas, each antenna (2 8) 
defining a zone of coverage within which it transmits and 
receives signals; 

a plurality of duplexers (44, 46, 48, 50) each having 
15 an antenna terminal connected to a respective antenna of 

said distribution, and each having a transmit terminal and a 
receive terminal; 

first coupling means (32, 34, 68) having inputs 
connected to respective transmitters and outputs connected 
20 to respective transmit terminals of said duplexers, for 
combining individual transmit signals generated by each 
transmitter to form a combined transmit signal and providing 
said combined transmit signal to each duplexer; and 

second coupling means (52, 56, 58, 64, 66) having 
25 inputs connected to respective receive terminals of said 

duplexers and outputs connected to respective receivers, for 
combining individual receive signals passed from said 
duplexers to form a combined receive signal and providing 
the combined receive signal to said receivers. 



30 



11. A cellular communication system as claimed in 
claim 10, wherein said first and second coupling means 
include hybrid power coupler means. 



35 



12. A cellular communication system as claimed in 
claim 11, wherein said first coupling means is formed from a 
matrix (68) of 2x2 hybrid power couplers (36, 38, 40, 42) . 
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connected in series between each transmitter and input of 
said first coupling means and between each receiver and 
output of said second coupling means. 

14. A cellular communication system as claimed in 
claim 10, wherein said receivers (18) are diversity receivers 
having first and second inputs (RA, RB) , and 

said second coupling means includes first hybrid 
coupler means {52, 56, 58) for combining individual receive 
signals originating from a first set of said plurality of 
antennas to form a first combined receive signal and second 
hybrid coupler means (54, 60, 62) for combining individual 
receive signals originating from a second set of said 
plurality of antennas to form a second combined receive 
15 signal, said first combined receive signal being provided to 
each first input of said diversity receivers and said second 
output being provided to each second input thereof. 
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15. A device as claimed in claim 14, wherein said 
first set contains antennas from said plurality in alternate 
zones and said second set contains other antennas from said 
plurality in alternate zones. 

16. A device as claimed in claim 15, wherein said 
25 first and said second hybrid coupler means are each formed 

from 2x2 hybrid power couplers (52, 54) having outputs 
connected to one-to-two splitters (56, 58, 60, 62). 
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17. A cellular communication system comprising: 
a base station including: 

a plurality of antenna ports (ANTl, ANT2, 
ANT3 , ANT4 ) , 

a plurality of transmitters and receivers (18), 
a plurality of duplexers (44, 46, 48, 50) each 
35 having an antenna terminal connected to a respective antenna 

port, and each having a transmit terminal and a receive 

terminal , 
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port, and each having a transmit terminal and a receive 
terminal, 

first coupling means (32, 34, 68) having inputs 
connected to respective transmitters and outputs connected 
to respective transmit terminals of said duplexers, for 
combining individual transmit signals generated by each 
transmitter to form a combined transmit signal and providing 
said combined transmit signal to each duplexer, and 

second coupling means (52, 56, 58, 64, 66) having 
inputs connected to respective receive terminals of said 
duplexers and outputs connected to respective receivers, for 
combining individual receive signals passed from said 
duplexers to form a combined receive signal and providing 
the ^combined receive signal to said receivers; and 

a distribution (14) of antennas, each antenna (28) 
being connected to a respective antenna port of said base 
station and each defining a zone of coverage within which it 
transmits and receives signals. 

18, A cellular communication system as claimed in 
claim 17, comprising a splitter (90) having an input and two 
outputs, wherein an antenna port of said base station is 
connected to the input of said splitter, and the two outputs 
of said splitter are connected to respective antennas in 
said distribution. 

19, A cellular communication system as claimed in 
claim 17, comprising another base station and a combiner 
(92) having two inputs and a single output, wherein an 
antenna port of said base station and an antenna port of 
said another base station are connected to respective inputs 
of said combiner, and the output of said combiner is 
connected to a corresponding antenna in said distribution. 
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20. A cellular communication system as claimed in 
claim 17, comprising another base station and a combiner 
(94) having two inputs and two output, wherein an antenna 
port of said base station and an antenna port of said 
another base station are connected to respective inputs of 
said combiner, and the two outputs of said combiner are 
connected to respective antennas in said distribution. 
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